Importance: Handgrip dynamometry is probably the most commonly used method to characterize overall human muscle strength.
Procedures.
A detailed description of testing procedures can be found in the NHANES Muscle Strength Procedures Manual (CDC, 2011) . In brief, the muscle strength/ grip test involved the measurement of isometric grip strength with a calibrated Takei Digital handgrip dynamometer (Takei Scientific Instruments, Niigata City, Japan). Participants were randomly assigned to start the test with their dominant or nondominant hand. The grip test was performed in the standing position unless the participant was physically limited. A practice trial was performed with the hand opposite the hand tested first, unless the participant had only one hand eligible for the test.
Before the test, a test administrator adjusted the grip size of the dynamometer until the second joint of the participant's index finger was at a 90°angle on the handle. Participants were asked to squeeze the dynamometer as hard as possible with each hand with the elbow fully extended at the side. The head was straight, the wrist was neutral, and the feet were hip width apart and even. There were three testing trials for each hand. Best values, expressed in kilograms, were determined for each hand. For this study, the mean values, averaged from three trials, were also calculated for comparison purposes. Under these two conditions, data were labeled best and mean values, respectively.
NIH Toolbox
We used NIH Toolbox data from the muscle strength/grip test component of the Motor Domain, obtained from August to November 2011.
Participants.
The norming sample included people with the following characteristics: community-dwelling and noninstitutionalized; ages 3-85 yr; capable of following test instructions (in English or Spanish); and able to give informed consent or, in the case of children, give assent with accompanying informed consent by proxy (i.e., parent or guardian). Data were collected at 10 sites (Atlanta, Chicago [Oak Brook], Cincinnati, Columbus, Dallas, Los Angeles, Minneapolis, Philadelphia, Phoenix, St. Louis) from primarily urban-and suburban-dwelling participants, and sampling was stratified by age, gender, and primary language (English or Spanish). Age was stratified into 21 age bands, within which target quotas were set relative to the U.S. population distribution of race, ethnicity, and level of education (parents' education for children). Detailed norming plans for the NIH Toolbox have been described (Beaumont et al., 2013) .
Of the initial 4,859 data records, 763 were removed because the age of the participant was younger than 6 yr or older than 80 yr. Moreover, 502 were excluded as outliers because their grip strength values were greater than 1.5 IQR from the mean for other participants of the same sex and age group or because their between side difference in grip strength was ≥ 30% (Figure 1 ). Thus, data from 3,594 remaining participants (ages between 6 and 80) were included in the final analysis with somewhat fewer males (44.6%) than females (55.4%). By self-report, 91.8% of the sample was right-hand dominant. Although the majority of the sample was White (74.9%), other races were represented. All participants either consented to the study or assented and participants' parents or guardians provided written consent after being informed about the study's purpose and procedures.
Procedures.
Detailed descriptions of the protocol are provided in the NIH Toolbox Administration Manual (NIH, 2012). Briefly, a calibrated digital Jamar ® dynamometer (Patterson Medical Ltd., Warrenville, IL) with its handle in its second position was used. Participants squeezed the dynamometer while seated with their arms by their sides, elbows flexed 90°, and forearms in a neutral position. A single submaximal practice trial was completed with each hand, followed after at least 30 s by a single maximal trial of 3 to 4 s from each hand. Participants were encouraged by the examiner who chanted "harder, harder, harder." Data were recorded in pounds but later converted to kilograms.
Statistical Analysis
All analyses were performed using IBM SPSS Statistics (Version 23; IBM Corp., Armonk, NY forces. For independent variables found to have a significant main or interactive effect on grip strength, pairwise post hoc comparisons between NHANES and NIH forces were conducted using GLM. Separate comparisons were completed for the dominant and nondominant sides. Descriptive statistics were tabulated. On the basis of the numerous hypothesis tests conducted and a desire to reduce the risk of Type 1 error, a significant level of p < .005 was adopted as an indicator of statistical significance.
Results
The GLM comparing NHANES best values to NIH handgrip values demonstrated that, overall, grip strength values were higher for the NHANES group than the NIH Toolbox group (F = 98.6, p < .001), for males than for females (F = 3,967.6, p < .001), for the dominant side than the nondominant side (F = 9,497.9, p < .001), and for some age groups than others (F = 1,406.9, p < .001). Pairwise comparisons showed significant differences in grip strength (p < .005) between the NHANES and NIH Toolbox studies in five age groups of the dominant side of males, six age groups of the dominant sides of females, four age groups of the nondominant side of males, and four age groups of the nondominant side of females.
The GLM comparing NHANES mean values to NIH handgrip values demonstrated that, overall, grip strength values were not higher for the NHANES group than the NIH Toolbox group (F = 2.6, p = .105). In contrast, grip strength values were higher for males than for females (F = 3,984.0, p < .001), for the dominant sider than the nondominant side (F = 1,869.5, p < .001), and for some age groups than others (F = 1,522.5, p < .001). Pairwise comparisons showed significant differences in grip strength (p < .005) between the NHANES and NIH Toolbox studies in one age group of the dominant side of males, two age groups of the dominant side of females, one age group of the nondominant side of males, and three age groups of the nondominant side of females. Tables 1 and 2 provide summary grip strength statistics for each study stratified by side, gender, and age. These statistics have potential as a reference for interpreting individual handgrip performance. Note. M = mean; NHANES = National Health and Nutrition Examination Survey; NIH = National Institutes of Health; SD = standard deviation.
These controls notwithstanding, there are important differences in how grip strength was measured in the two studies. These include, but are not limited to, differences in the hand dynamometer used (e.g., Takei vs. Jamar; Amaral et al., 2012) , dynamometer handle position (Trampisch et al., 2012) , upper limb position (e.g., shoulder, elbow; Desrosiers et al., 1995; Oxford, 2000; Su et al., 1994) , and posture (e.g., sitting vs. standing; Balogun et al., 1991) . All of these factors have the potential to influence grip strength measures. The NIH Toolbox study, unlike the NHANES study, used a protocol very similar to that recommended by the American Society of Hand Therapists (1992) and more recently proposed by Roberts et al. (2011) . Our finding that gender, side, and age group affect grip strength confirms the results of a legion of previous studies.
The confirmation was necessary, however, to justify our stratification of grip strength values. The values provided in Tables 1 and 2 can be used as rough normative references for grip strength measured using the same procedures.
That noted, we do not recommend use of the NHANES values because they involve a protocol considerably different from those recommended by the American Society of Hand Therapists (1992) and by Roberts et al. (2011) . Moreover, the NHANES protocol calls for adjustment of the handle position and three trials, both of which require additional time and are not necessary (Trampisch et al., 2012) . The NIH Toolbox values presented can be interpreted in light of those presented in a 2006 meta-analysis (Bohannon et al., 2006) . Such an interpretation, however, must take into account that NIH Toolbox data were summarized for dominant and nondominant sides and the meta-analysis summarized data for the left and right sides. In any case, the NIH Toolbox values tend to be lower than those in the meta-analysis, except perhaps for the oldest adults.
There were several limitations of the study. Because this study included secondary data sources, the researchers were not in control of the data collection procedures. In both studies, handgrip values were collected as part of a larger set of survey questions or measures, so fatigue may have had an effect. Some variables, such as handedness in both studies, relied on self-report. Missing data and extreme responses were encountered in both large-scale studies across multiple sites. When reading the results of this study, clinicians should be aware that different data collection protocols and devices were used in these two studies.
The value of handgrip strength as an indicator of overall strength and as a predictor of important outcomes notwithstanding (Bohannon, 2008 (Bohannon, , 2015 Vaapio et al., 2011) , current nationally relevant reference values are needed if the grip strength of individuals and groups i to be interpreted. Herein, we provide information toward that end. Nevertheless, more specific reference values are required-specific to subpopulations and to performance within the spectrum of measured scores.
Implications for Occupational Therapy Practice
The results of this research indicate the need for further study to develop handgrip strength reference norms. Occupational therapy practitioners need such norms for interpreting the performance of hand function, evaluating treatment effects, and formulating treatment goals.
n Handgrip strength is an indicator of overall strength and is a predictor of important outcomes such as functional independence in daily activities.
n Handgrip strength reference values are essential to assist in the interpretation of testing results and clinical decision making.
n To make patient-centered treatment plans and interpret grip strength of individuals and groups correctly, occupational therapy practitioners need reference values stratified by age group and gender.
Conclusion
Some of the stratified grip strength values from the NHANES and NIH Toolbox studies differ. On the basis of this finding and the lack of conformity of the NHANES protocol with current recommendations, we cannot recommend the values for broad application as reference norms.
